Performance of stone mastic asphalt incorporating cellulose fiber by Nurul Ain Najwa, Md Fauzi
 
 
 
 
 
PERFORMANCE OF STONE MASTIC 
ASPHALT INCORPORATING CELLULOSE 
FIBER 
 
 
 
 
 
NURUL AIN NAJWA BINTI MD FAUZI 
 
 
 
 
 
 
B. ENG (HONS.) CIVIL ENGINEERING 
 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for quotations and 
citations which have been duly acknowledged. I also declare that it has not been previously or 
concurrently submitted for any other degree at Universiti Malaysia Pahang or any other 
institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : NURUL AIN NAJWA BINTI MD FAUZI  
ID Number : AA15181 
Date  : 31 MAY 2019 
 
 
 
 
 
 
 
 
 
 
 
 
PERFORMANCE OF STONE MASTIC ASPHALT 
INCORPORATING CELLULOSE FIBER 
 
 
 
 
 
 
 
 
 
 
 
 
 
NURUL AIN NAJWA BINTI MD FAUZI 
 
 
 
 
 
 
 
 
Thesis submitted in partial fulfillment of the requirements 
 
for the award of the 
 
B. Eng (Hons.) Civil Engineering 
 
 
 
 
 
 
 
 
 
 
 
Faculty of Civil Engineering & Earth Resources 
 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
MAY 2019 
 
ii 
ACKNOWLEDGEMENTS 
Alhamdulillah. Thanks to Allah SWT, whom with His willing gave me the opportunity to 
complete this Final Year Project called Performance of Stone Mastic Asphalt incorporating 
with Cellulose Fiber. This final year project report was prepared for Civil Engineering and 
Earth Resources, University Malaysia Pahang (UMP), basically for a final year student to 
complete the undergraduate program leading for B. Eng (Hons.) Civil Engineering. This 
thesis was referred to as the guidelines given by the university. 
Firstly, I would like to express my special thanks of gratitude as my supervisor, Dr. Khairil 
Azman bin Masri, who had guided me a lot of tasks during two semesters session in 
2018/2019. I would also like to extend my gratitude to the lecturers and staffs of Faculty Civil 
Engineering for their cooperation during complete the final year project that had given 
valuable information, suggestions, and guidance in the compilation and preparation this final 
year project report.  
Deepest thanks and appreciation to my both parents, Md Fauzi bin Kasrun and Zubaidah Binti 
Shukor, to a special mate of mine, Mohd Aliff bin Masiran, and others for their cooperation, 
encouragement, constructive suggestion and full of support for the report completion, from 
the beginning till the end. Also thanks to all of my friends and everyone, that have been 
contributed by supporting my work and help me during the final year project progress till it 
is fully completed.  
Last but not least, thanks to Faculty Civil Engineering and Earth Resources, UMP, and also 
my Academic Supervisor, Dr. Sharifah Maszura Binti Syed Mohsin, for great commitment 
and cooperation during my journey to complete this thesis. 
 
iii 
ABSTRAK 
Stone Mastik Asfalt (SMA) terkenal sebagai yang tinggi kandungan agregat kasar 
yang saling kunci untuk membentuk satu rangka batu yang menentang perubahan 
bentuk kekal. Walau bagaimanapun, ia menghadapi banyak masalah seperti aluran 
dan pelucutan kerana suhu yang tinggi dan berulang beban paksi (Zulhaidi et al., 
2018). Ia juga mempunyai rayapan dalam beban dan suhu yang berbeza. Serat 
selulosa boleh meningkatkan kelikatan asfalt diubahsuai. Oleh itu, tujuan kajian ini 
adalah bertujuan untuk menggunakan gentian selulosa kekuatan tegangan yang tinggi 
untuk mengatasi masalah yang berkaitan dengan SMA. Penambahan serat selulosa ke 
dalam asfalt kawalan meningkat keupayaan pemulihan bitumen. Kertas kerja ini 
membentangkan hasil siasatan makmal ke atas Marshall Kestabilan, Resilient 
Modulus, Creep dinamik dan Cantabro Kehilangan lelasan Stone Mastic Asphalt 
(SMA) yang digabungkan dengan gentian selulosa pengikat diubah suai. Penembusan 
Gred 60-70 (PEN60-70) jenis pengikat telah bercampur dengan serat selulosa 0%, 
0.2%, 0.3%, 0.4%, 0.5% dan 0.6% mengikut berat campuran. Campuran telah diuji 
untuk lelasan, Marshall Kestabilan, Resilient Modulus dan Dinamik Creep untuk 
menilai prestasi SMA diubah suai. Daripada keputusan, ia menunjukkan bahawa 
kewujudan serat selulosa mampu meningkatkan prestasi campuran asfalt, dan 
penambahan 0.2% serat selulosa menyumbang kepada nilai terendah lelasan, 0.4% 
serat selulosa menghasilkan ketumpatan yang tinggi, manakala 0.3% menghasilkan 
nilai tertinggi modulus berdaya tahan dan rayapan dinamik, 0.2% untuk kestabilan 
dan 0.4% untuk ketegangan. Untuk kajian masa depan, menguji untuk menganalisis 
kelakuan fizikal SMA dengan adanya serat selulosa untuk membuktikan 
keandalannya dalam pelbagai aplikasi dalam campuran asfalt. 
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ABSTRACT 
Stone mastic asphalt (SMA) is well known as a high coarse aggregate content that 
interlocks to form a stone skeleton that resist permanent deformation. However, it 
facing a lot of problems such as rutting and stripping because of the high temperature 
and repeated axial load (Zulhaidi et al., 2018). It also have creep in different loads 
and temperatures. The cellulose fibre can improve the viscosity of the unmodified 
asphalt. Thus, the aim of this study is intended to utilize the cellulose fiber high tensile 
strength to overcome the problem that is related to SMA. The addition of cellulose 
fiber into the control asphalt improved the recovery ability of asphalt binder. This 
paper presents the outcome of a laboratory investigation on Marshall Stability, 
Resilient Modulus, Dynamic Creep and Cantabro Loss Abrasion of Stone Mastic 
Asphalt (SMA) that incorporated with cellulose fiber modified binder. Penetration 
Grade 60-70 (PEN60-70) types of binder were mixed with cellulose fiber of 0%, 
0.2%, 0.3%, 0.4%, 0.5% and 0.6% by weight of mixture. The mixtures were tested 
for Abrasion, Marshall Stability, Resilient Modulus and Dynamic Creep in order to 
evaluate the performance of modified SMA. From the results, it shows that the 
existence of cellulose fiber is capable of enhancing the performance of asphalt 
mixture, and the addition of 0.2% cellulose fiber contributes to lowest value of 
abrasion,0.4% cellulose fiber produce the high density, while 0.3% producing highest 
value of resilient modulus and dynamic creep, 0.2% for stability and 0.4% for 
stiffness. For future study, it is recommended to analyses the physical behaviour of 
SMA with the existence of cellulose fiber in order to prove its reliability in various 
applications in asphalt mixture. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1       Background of study  
 Stone Mastic Asphalt (SMA), which has been utilized in Europe for around 40 
years ago, was to begin with created to supply resistance to scraped spot by studded tires 
(Woodward et al., 2016). Within the 1970s, studded tires were prohibited in Germany, and 
the utilize of SMA blends declined since of the higher material and construction costs and 
there now not showed up to be a basic require for these mixtures (Brown, 1992).  
 Rutting of Hot Mix Asphalt (HMA) got to be a greater issue in Germany within 
the 1980s due to increased tire weight, wheel loads, and activity volume, and SMA 
mixtures started to be used again (Brown, 1992). Studded tires have kept on be utilized in 
Sweden, and SMA blends have proceeded to provide great execution beneath these 
extreme stacking conditions. Other European nations have used SMA mixtures with 
comparable victory to that observed in Germany and Sweden. 
 Stone Mastic Asphalt (SMA) which basically involves higher extent of coarse 
total, lower extent of moderate size total and higher extent of mineral filler contrasted with 
conventional blends is utilized (Panda, Suchismita and Giri, 2013). SMA has a high coarse 
total substance that join to construct a stone skeleton that withstand permanent 
deformation (M.A, 2018). The sweeping whole of coarse totals inside the mix frames a 
skeleton-type structure giving a superior stone-on-stone contact between the coarse total 
particles, which offers high protection from rutting. 
 The SMA mixtures give an unpleasant macro texture, forming small path between 
the coarse aggregate, which valuable for a productive surface drainage (Panda, Suchismita 
and Giri, 2013). The voids of the asphalt mastic are loaded up with a high consistency 
bituminous mastic of bitumen and aggregate, to which strands are included in arrange to 
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supply agreeable stability of the bitumen and  to anticipate drainage of the binder amid 
transport and placement. (Woodward et al., 2016). 
 
Figure 1.1 Cross section of Stone Mastic Asphalt 
Sources: M. A (2009). 
 The deformation resistant capacity of SMA originates from a coarse stone 
skeleton giving more stone-on-stone contact than with standard dense graded asphalt 
(DGA) blends. Improved folio sturdiness could be an aftereffect of higher bitumen 
substance, a thicker bitumen film and, lower of voids substance. This high bitumen content 
additionally makes progress of flexibility. Expansion in addition of cellulose or mineral 
fiber as addictive in asphalt mixture can prevents drainage of bitumen amid transport and 
placement. There are no exact design rules for SMA mixes (M.A, 2018). The essential 
features, which are the coarse total skeleton and mastic organization, and the following 
surface texture and mixture stability, are to a great extent chosen by the choice of total 
grading  and the sort and extent of filler and cover. 
1.2       Problem Statement 
 Since Malaysia is located in the tropical region with temperature, high humidity 
and copious rainfall throughout the year, it causes damage of road pavement (Zulhaidi et 
al., 2018). Hence, the asphalt concrete facing a lot of problems such as rutting, moisture 
stripping and binder drain down. Subsequently, the mixture’s resistance to moisture 
damage and rutting specifically will effects the life span of the paving mixture.  
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 Further more, the heavy traffic load also tends to influence the performance of 
asphalt mixture in terms of its resilient modulus and dynamic creep. A common method 
to overcome these problem is by modifying the asphalt binder properties by adding the 
cellulose fiber with Stone Mastic Asphalt (SMA). Since fiber tends to provide 
improvement of the properties for asphalt, this study aim to promote the cellulose fiber as 
asphalt binder modifier in order to enhance the properties of asphalt mixture.Rutting is a 
pavement distress instrument that can significantly affect the ride-ability, asphalt 
judgment and safety that's a common indication of ‘aqua planning’ on a road surface. The 
form of fatigue cracking in asphalt and embedment in spray seals, regularly too followed 
by surface failure. 
 Drain down is determined when mixture (fines and bitumen) that isolated itself 
from the sample and flows downward through the mixture (NAPA, 2017). The main 
problems with SMA mixtures are drainage and bleeding. In order to control these 
problems, storage and placement temperatures can not be lowered due to the difficulty in 
obtaining the required compaction. Stabilizing additives have therefore been added to 
improve the mastic, reduce the drainage of the mixture at high temperatures and achieve 
even higher binder content for increased durability (NAPA, 2017). 
1.3       Objectives of study 
 The aim of this study to enhance the properties of SMA in terms of resilient 
modulus, dynamic creep, Marshall stability and Cantabro Loss with the existence of fibre 
content. Among the objectives are; 
1. To evaluate the mechanical performance of cellulose fiber – stone mastic asphalt 
(SMA) interms of resilient modulus, dynamic creep, Marshall Stability and Cantbro Loss. 
2. To determine the optimum fiber content (OFC) cellulose fiber modified asphalt 
binder SMA20. 
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